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ABSTRACT

For high penetrating radiations such as neutron~ and high-.
energy gamma rays, that deposit their energies uniformly over a

large volume of a target medium, the determination of ciouois
commonly based on calculating the flux and then applying flux-
to-doee conversion factors. For charged particles and low-energy
gamma and x rayn, their energies arm depo~ited locally, and
flux-t.o-doueconver~;ion fflctol[;[:ouldIN:complex funl:tionnCJI
medium geometry and source conditions. Ueinq an inot.ropic tmt.a

source, we calculated the domeu in water layer.w (Lllledt.()
f;i.mulatwtissue), and found khnl dCII;CVLIIUUSJcicpend on t.ho I;izo

and sh~pe of the wut.ol ‘ccl1“m Wl! It’cmumnd t.hilt.il “l;tilndill”ll=

nize and nhape of ti~uua?t~qu.iviilt~llt. miltutialk c~;t~bli~hcdIor
het.adoue calcul~ti(~nn.

1. IN’1’IUU)IK”TIC)N



and neu~rons, to illustrate the usefulness};of the Monte Carlo

method. The low-energy photon case is not considered in this

paper. We will digcuss our results and some issues associated

with dose calcl lations.

11. MONTE CARLO CODES

There ex.int.mmny Monte Carlo transport codefi at research

institute, universities, and laboratories over the world. The

two codes that are used most frequently at the Los Alamos

NationRl Laboratory are MCNP4 and ITS.5 They are readily

available at our institution and are very u~er friendly.

ITS is the Integrated TIGER Series of coupled electron /

photon Monte Carlo transport codes, whkh were developed at the

Sandia National Laboratory. They are time-integrated and (:an

acxxxnmodcat.cmillLimatcriills. ‘rIGER ifi(Is(?dfC)l-] D C~dl(!ll l/lt. ilJIl:il

CYLTKAN i6 for 2-I)cyl.indrical-symmetly case%, tindACCEPT iu a

3-D code. Th(? ITS code i~ based on E’N?AN,6combininq the
conwnl.ionfllHinc~le-walLcring photon MC)nLcSCarlo appxmoacllwith

a condel~~c~ll..hist.oryclm:kron Mont(~ Carlo l.echniquc. This I)IMJ1.011

transport F;irnulittc:;tillcnargetic phyuknl proct:~ticuillcludi.nq

photoelectric ahfiorption, Compton scatteri.nq nn(l Pil i1-

I)f-luiucti01). ‘rh(~ (!lt?(:t1“011 t.rall!;put”l im: 1udcr+ [!llt?l(~y l[l[;!;

l;Llugqlinq, mull i~)loclilf; l..i C Uciltkcl”jlltj, dnd t ht! pIwluI. t ion c)I

knock [III i~l(![:t. ]-on:l, 1!011[ ill UOUfJ ~JICWlf;:;t 1 dh]UllC~, t~]li![”clt~l l’l”i!:t. il’ X

Z?l YFi, illlli illlll ihi lilt if)ll 1 mliiltion. Illill I (Sil!j(!!i, tllmllt’l”ill ic)n111111

1 r“llllfllllll I (11 fil~l’ol](lill”y ])ill-t. i(:l t!!: ill”t: ,111;(1 illt’l~ltlfvl IIIIWII Ill il

]11 f~~;[~l l’ll 1*1I[y l’lltl)f 1 ; I h!: lrJwf’1:11“11101I i:; 1,() kt*V 1111 IMII II

Illlf,l {)11!: ,11,11 I’llv”l 11111:., ‘1’IIIs IIll(ltflif)lli:’111i[tll illlll 1~11-f’t I 1111 inllhl[’1

I(}l:i;q,lt il~ll ,1:: w(~l I ,I:; II, ], IX, II it}ll tIy I 111~111.1:1’I,l;I’11 ,111I I 1,1 Aillp.1

llll)f”f~!,:, ;11(’ .11:, (I l’l~ll:,ilb’liul ]nlt IIIIly III llIt’ [“,11,11 III llIt” h : 111111

of 1.111’ I. II WII’111 willl 1111* Iliqhl’r;l~ll[mlil’liumilt’1Illi ,1 II IVIIII

Illilll”l illl.
MI”NIIi:,,1(11~11101,11 ]11111111::1~,I-c)llt illllilll:: l*lll’o IIy, 111.11111,1I I.- III I

IpWIIIII~l I y, I iml’tlt-lIt’i~III’nl(I~IIIII]iWl1111111I )11/1111111llll/IIII~Iml I 1111MI III I II

1“, ‘r Ill I lalll:illl~l I 1“.11111# l!lwl~lllllfvl .11 I tIII 1,11,, AI, 11111I:: IJ,II i,,ll,ll

l,.llull,l~!ll’.’m I .,, 1:’lllly y,s,l] :;, II ,Ir!lllo,:m, mi.ll 11~~11:I ,11 1~111 . Il.

~ 1.111 :”]111. f 111’’1”1’”:11 I . .11l;.,, [1 ,., ,1111! Ill. ..,.1 .,! 11. . 1. .1[ 111111. 1. ml -

Ilc.1,1 I 11,. I 1,11, .1 ,11 I,11, ~,,, 1111111Ill, ‘: .11.” I
., .,!., .. ,,# -.,

111-111 I Ill, .”,nl\l. l ,:, 1 ..,,, 1,, , m , 1#11,.1 ,, I Ilf” 1 :. 1, ,1,.,.,1,., ,:, ..

:,011:1 11, , .1 “1’ 1.. ‘ 1. . ‘!.l”l:,, ,’ 19.1’ “’ .,, .



the production and transport of electrons are added, and one can
~gt. the code for many different modes. The neutron energy

regime is from 10-11 MeV to 20 MeV, and the photon/electron

energy regime is from 1 keV to 100 MeV. MCNP uses continuous-

energy nuclear data libraries, and more than 500 neutron
interactio~ tables are available for about 100 different
igotopes or elements. The code employc very elaborate variance
reduction schexne~, including geometry splitting, Russian

roulette, weight-, time-, and energy-cutoff, energy- and cell-

dependent weight window6, DXTRA!4,4 etc ,, Lo improve the

statistics of the calculations.

111. BETA AND GAMMA DOSE CAIKUi-~TIONS



take different. amounts of mass we have different dose values.

For example, consider the first .005 water layer. The beta dose

for a mass in the area of .lcm2 is 3.410 rad/hr per pCi of %0.
When we double the area (double the mass), the dose value

decreases to 1.852. Note also that for a given area the gamma
doses are relatively uniform ihrough different layers, but the

beta doses decrease rapidly as the thickne~s increases.
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The dose value is not only a function of mass, it also
varies for different size of cylinders. Table 2 shows that for
a given mass, but with different cylinders, the dose values are
different. For exhrnple, for 5 rng of water, we consider three

different cylindrical areas and thichness: .2cm2 x ●25nun

(0.766), .5cm2 x .Imm (0.612), and lcm2 x .051mu (0.382). The

numbers in the parentheses are the correspondin~ dose valuesf

the differences can be as much as a factor of two.

Table 2. Shape-Dependence of Dose

Mass of Water Geometry Dose (rad/hr-pCi)

(v) Area x Thickness Beta Gamma

5.Oe-4 .lcm2 x .05mm

1.oe.-3 .lcm2 x .lOnun

,2cm2 x .051NU

2.oe-3 .lcmz x .20nun

.2cm2 x .lOmm

2.5C.3 .ld’ x ,25nun
.5cm2 x .(JMnm

3.oe.3 . lcm2 x .30mm

.2cm7 x .lhnm
‘).ot~J .2(d x .25111111

.!md x .lomm

I[d x .tibmm

.‘M:mzx .Y[)nun

1f“myx .I(Mm

3.410

2.756

1.B52

1.”/4(!
1.4C15

1.43:3

0../6!)

1.20.?
1.162
()../(>1)

().612

().:![1’)

0..!112
().1(1”/

0.187

0.214

0.i56

0.199

0.158

0.198

0.122

0.198

0.161

().1”/2

0.12./
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Water Layer
Th~cknesa
(cm)

.007

.005

.005

.005

.005

Table 3. DCJEeS with Different Clothing

CJn~:-Layer-Clothing Two-Layer-Clothing
Doee(rad/hr-pCi)

Beta Gamma Beta Gamma

6.103 O.zoa 0.292 0.175

3.410 0.107 0.096 0.181

2.106 O.lea 0.047 0.201

0.980 0.202 0.019 0.221

0.461 0.220 0.013 0.239

In this calculation, we ueed a point source. The effect due
to self absorption wan not included. For real sources of finite
size, L~ta and gamma Epectra changeG due to self absorption,
production of Cf)mpt.on electron~, internal conversion electrons
from gamma rays should be considered. We have another article in
prepa]atlon to address these effects for microsize %0 sourcas.

Cur results differ from tho~e of Chabot et al. For one
layer of clothing and a 1 mm air gap their point.-to-point. dom

was 7.98 rad/hr per I p~i of
at a tissue (watur) depth of
of %0. We undernt.antithat
dose with ~emi-.empiri~:aJ
c:onvcruion moLhud. such an

%0. Their dose avartiqed-ov~,rI cmz

7 mg/cm2 was 0.272 raci/hLper 1 pci

ChaboL et al. CRICU]ahd t.hc: tmtd

uquatiunf~ billid 1)11 tlux-l.(l. c.lc)tic

appronch dc]mnc.1~on the c,llclllat.ion



therefore a separate gamma doe% tally should be made.
For the following example, we considered a 20-gm ‘Pu metal

ball in a glovebox of 90 cmx 90 cm x 90 cm with five iron walls

of 2 m thickness, and a front wall of 10 cm Cli2.The tallies
were made at ~everal points 10 cm from the CH2 surface but at
different heights rel~tive to the center of Lhe ball.
Calculations were also carried out without iron walls to compare
dose contributions from iron scattering.

Figure 2 shows the neutron spectra from ‘Pu befo.e

entering the Cl$ window (dashed line) and after exiting the CH2
window (solid lina).—
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The lower figure is for the case without iron walls. The

dashed line shows the ideal neutron spectrum from Pu metal, and

it is seen that not many low-energy neutrons are present. The
upper figure is for the case with iron walls. One can now see

the presence of low-energy neutrons scattered from the iron

walls, but most of them are absorbed in the CH2 so that the
spectrum after CH2 is almost the same as for the other case

TabJe 4 summarizes the neutron and gamma dose values at
four different points. Point A is at 10 cm from the CH2 surface
and at the came height as the Pu ball. Point B is 5 cm below A.

Point C is 10 cm below A. Point D is 20 cm below A. The numbers

in parentheses are the associated percent uncertainties. Both

gamma and neutron doses with and without iron walls are about

the same within uncc~tainties at all four points. Note that

gammray and neutron doses peak at different places. There was

about one gamma ray produced for every two neutrons, produced

primarily in the Pu metal ball. The gamma rays following the
decay of *%u and from the ●ission products are not included in

this calculation. A separate calculatio~~ !nould be carried out
to accurately evaluate the gamma dose,

Table 4, Neutron and Gamma IJOGCS i’rcm ?apu

Position Posn (mrem/hr per (;MCJI”2~Pu)

Nf:ul.l-oll (;dmlllil

Wi(ll li[~n No 11“(~11 Wilh !l(JI1 N() Il-on

A

tl

(’

(1

v. (’llxf.l,ll!; l(lli

“/.();! (3} “/.[)(1 (“i) .Ifil! (2) .146 ({)

(1. tl”/ (“f) ().91 (“J) .144 (2; .14’) (!)

(J,zz (!) 6.2[1 (3) .1110 (1) .194 (6)

4.().1 (1) 4.1(I (:1) .121 ({) .ll(J (1)

:.:, ,:, : ,, 1“.1: II) ..1’. .:.1’ :1111” ,,l.llis,~l:’l.l’.,.’ , ,, ,:1# :,, ci.,.c
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penetrating radiation such as neutrons and high-energy gamma

rays. For isotropic sources of low-energy gamma rays and
Ilectrons, the dose value may depend strongly on the “cell” size
and shape. We recommend that a reasonable standard size and
shape of a tissue equivalent material be established and

internationally adopted for beta dose calculations.
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